Parasphingopyxis lamellibrachiae gen. nov., sp. nov., isolated from a marine annelid worm , was isolated from the trophosome of a tubeworm in Kagoshima Bay, Japan, and its taxonomic position was investigated using a polyphasic approach. The novel strain grew optimally at 28-30 6C and with about 2.0 % (w/v) NaCl. Chemotaxonomic analysis showed that Q-10 was the predominant respiratory quinone and that C 18 : 1 v7c, C 16 : 0 2-OH and C 16 : 0 were the major fatty acids. Sphingoglycolipid, phosphatidylethanolamine, diphosphatidylglycerol, phosphatidylglycerol and phosphatidylcholine were the major polar lipids. The genomic DNA G+C content was 60.1 mol%. Phylogenetic analysis based on 16S rRNA gene sequences indicated that strain JAMH 0132 T belonged to the family Sphingomonadaceae,
within the class Alphaproteobacteria. The novel strain appeared most closely related to Sphingopyxis baekryungensis SW-150 T (95.1 % 16S rRNA gene sequence similarity) and showed less sequence similarity with representatives of the genera Blastomonas, Sphingomonas, Sphingosinicella and Novosphingobium (,94.8 %). In having no detectable polyamine, strain JAMH 0132 T differed from members of all genera currently in the family Sphingomonadaceae. On the basis of its phenotypic properties and phylogenetic distinctiveness, strain JAMH 0132 T represents a novel species of a new genus in the family Sphingomonadaceae for which the name Parasphingopyxis lamellibrachiae gen. nov., sp. nov. is proposed. The type strain of Parasphingopyxis lamellibrachiae gen. nov., sp. nov. is JAMH 0132 T (5JCM 15549 T 5NCIMB
T ).
Over a decade ago, Takeuchi et al. (2001) suggested that the genus Sphingomonas be divided into four genera, Sphingomonas sensu stricto, Sphingobium, Novosphingobium and Sphingopyxis, based on the results of phylogenetic, chemotaxonomic and physiological analyses. Although Yabuuchi et al. (2002) felt that there was insufficient phenotypic and phylogenetic evidence to support such subdivision, the nomenclature of Takeuchi et al. (2001) is now generally used (Kämpfer et al., 2002; Busse et al., 2003; Fujii et al., 2003; Godoy et al., 2003; Ushiba et al., 2003; Kim et al., 2008) . Maruyama et al. (2006) added a fifth genus, Sphingosinicella, to this group of taxa. At the time of writing, members of the genera Sphingomonas sensu stricto, Sphingobium, Novosphingobium, Sphingopyxis and Sphingosinicella share several phenotypic features: they produce yellow colonies and glycosphingolipids, their predominant ubiquinone is Q-10, their predominant 2-hydroxy fatty acid is C 14 : 0 2-OH and their major polyamine is either spermidine or homospermidine (Takeuchi et al., 2001; Maruyama et al., 2006) .
A novel bacterium, designated strain JAMH 0132 T , was isolated from a marine annelid worm -a Satsuma tubeworm (Lamellibrachia satsuma) -that had been collected in Kagoshima Bay, Japan, at a depth of 82 m. For the isolation, the tubeworm's trophosome was homogenized with sterile, normal-strength artificial seawater (16 ASW) containing (l 21 ) 27.5 g NaCl, 0.7 g KCl, 5.4 g MgCl 2 . 6H 2 O, 6.8 g MgSO 4 . 7H 2 O, 1.4 g CaCl 2 . 2H 2 O and 0.2 g NaHCO 3 (Miyazaki et al., 2008) . The homogenate was spread onto a plate prepared with marine agar 2216 (MA; Difco) that had been diluted 10-fold with 16 ASW and then supplemented with 1.2 % (w/v) agar. After incubation at 20 u C, a novel bacterium that formed orange colonies was isolated and designated strain JAMH 0132
T . During the characterization of this novel strain, Sphingopyxis baekryungensis DSM 16222 T and Sphingopyxis flavimaris DSM 16223 T were used as reference strains. Prior to testing, all three strains were incubated aerobically for 2 or 3 days, on MA or in marine broth 2216 (MB; Difco), at the optimum temperature for their growth. Unless otherwise indicated, the physiological tests were performed as described by Barrow & Feltham (1993) and Baumann et al. (1972) , except that 16 ASW was used as the diluent. Growth at various temperatures (5, 10, 14, 17, 20, 22, 25, 28, 30, 33, 36, 40 u 7H 2 O and 1.0 g KH 2 PO 4 . Acid production from sugars was assessed at the optimum temperature for growth using modified OF medium (Hugh & Leifson, 1953 ) made with 0.56 ASW containing (l 21 ) 1.0 g (NH 4 ) 2 SO 4 , 1.0 g yeast extract, 1.0 g Tris, 14 g NaCl, 10 g of the test sugar and 0.06 g bromothymol blue (with the pH adjusted to 7.2 at 20 u C). Oxidase activity was determined by spreading cell pellets on oxidase test paper (Nissui Pharmaceutical). Catalase activity was evaluated as bubble production in 3 % (v/v) H 2 O 2 solution. Gelatinase, protease, amylase and lipase activities were detected on MA plates, with each test substrate at 1 % (w/v). DNase activity was assessed using DNase test agar (Difco). The production of H 2 S from thiosulfate, production of indole and cell motility were all assessed using stabs of sulfide indole motility agar (Nissui Pharmaceutical) prepared with 0.56 ASW instead of water. Genomic DNA was purified using the standard phenol method (Saito & Miura, 1963) so that its G+C content could be determined by reverse-phase HPLC (Tamaoka & Komagata, 1984) .
Cell biomass for the analysis of cellular fatty acids, isoprenoid quinones and polyamines was produced from strain JAMH 0132 T and the two reference strains by incubation in MB for 48 h at 30 u C and then washing the cells twice with 0.7 % (w/v) NaCl at 4 u C. The fatty acids were obtained by saponification, methylation and extraction according to the protocol of the Sherlock Microbial Identification System (MIDI, 1999) . Fatty acid compositions were determined using a Finnigan TRACE DSQ GC-MS system (Thermo Fisher Scientific) equipped with a DB-5 column (J&W Scientific) under a helium flow of 1.5 ml min 21 and with an oven temperature increasing from 140 u C (for 5 min) to 280 u C (for 5 min) at 4 u C min
21
. Isoprenoid quinones were extracted from dried cells (200 mg) with chloroform/methanol (2 : 1, v/v), purified by TLC and analysed using reverse-phase HPLC according to the methods of Miyazaki et al. (2006) . Polar lipids were extracted using the procedures described by Minnikin et al. (1984) and identified using two-dimensional TLC followed by spraying with the appropriate detection reagents (Komagata & Suzuki, 1987) . For the polyamine analysis, cells were homogenized in 0.5 M perchloric acid (PCA) and centrifuged (Hamana & Takeuchi, 1998) . Polyamines in the resultant supernatant were analysed by HPLC on an L-6000 high-speed liquid chromatograph (Hitachi), as described previously (Hamana et al., 1994) . The cell residues left after the PCA extractions were hydrolysed with 6 M HCl at 110 u C for 20 h before the polyamines in the hydrolysates were analysed by HPLC (Hosoya & Hamana, 2003) .
The 16S rRNA gene of strain JAMH 0132
T was amplified by PCR with primers 27F and 1492R (Lane, 1991 ). The PCR product was then sequenced by the dideoxynucleotide chain-termination method, using a DYEnamic ET terminator reagent premix (GE Healthcare), a MegaBACE 1000 DNA sequencer (GE Healthcare) and the 27F, 520R (59-GTATTACCGCGGCTGCTG-39), 780F (59-GATTAGAT-ACCCTGGTAGTC-39), 907R (59-CCGTCAATTCCTTTG-AGT-39) and 1492R primers. To determine an approximate phylogenetic affiliation for the novel strain, the BLAST program (http://blast.ddbj.nig.ac.jp/top-j.html) was used to compare the resulting gene sequence (1447 nt) with the 16S rRNA gene sequences available in the DDBJ. The sequences of the novel strain and closely related species were aligned using CLUSTAL_X (Thompson et al., 1997) . Sequence similarity values were calculated, in pairwise comparisons, using version 16.0.1 of GENETYX-MAC (SDC Software Development). Phylogenetic trees were constructed by using the neighbour-joining, maximumlikelihood and maximum-parsimony algorithms, within version 3.69 of the PHYLIP software package (Felsenstein, 2009 ). The same software was used, with the Kimura twoparameter model (Kimura, 1980) , for the calculation of evolutionary distances. Tree topologies were evaluated by bootstrap analysis with 1000 replications (Felsenstein, 1985) .
The cells of strain JAMH 0132
T were Gram-stain-negative, aerobic, non-spore-forming and motile by means of a single polar flagellum. They grew at 5-36 u C (optimum between 28 and 30 u C), at pH 6.0-9.5 (optimum between pH 6.5 and pH 7.5) and with 0.5-5.0 % (w/v) NaCl (optimum about 2.0 %). Strain JAMH 0132
T was cytochrome oxidasepositive. It hydrolysed casein and gelatin and reduced nitrate to nitrite. Detailed results from the phenotypic and biochemical tests are given in the species description.
The major cellular fatty acids of strain JAMH 0132 T were C 18 : 1 v7c (59.9 %), C 16 : 0 (18.1 %) and 11-methyl C 18 : 1 v7c (11.2 %). Smaller amounts of C 18 : 1 v5c (5.4 %), C 16 : 0 2-OH (2.1 %), C 17 : 0 (1.0 %), C 16 : 1 v7c (0.9 %), C 17 : 1 v8c (0.8 %) and C 15 : 0 (0.6 %) were also detected. Although Takeuchi et al. (2001) and Maruyama et al. (2006) identified C 14 : 0 2-OH as the major 2-hydroxy fatty acid of the genera Blastomonas, Sphingopyxis, Sphingomonas, Sphingosinicella and Novosphingobium, this acid was not detected in strain JAMH 0132 T (Table 1 ). The predominant respiratory lipoquinone of strain JAMH 0132
T was the ubiquinone Q-10, which was detected at a peak area ratio of approximately 90 %. The polar lipid profile of the novel strain comprised phosphatidylethanolamine, diphosphatidylglycerol, phosphatidylglycerol, phosphatidylcholine, sphingoglycolipid and small amounts of unidentified glycolipids and lipids (Fig. 1) . The novel strain probably contained no polyamines. Although barely detectable amounts of polyamines (putrescine, cadaverine, spermidine, homospermidine, spermine and/or agmatine) were found in PCA extracts and HCl hydrolysates of strain JAMH 0132 T , these probably came from the MB used to produce the cell biomass that was analysed (Hosoya & Hamana, 2003) . Much larger amounts of spermidine were detected when the corresponding extracts of S. baekryungensis DSM 16222 T and S. flavimaris DSM 16223
T were analysed under the same conditions (Table  1) . Although Hosoya & Hamana (2003) reported that some members of the Flavobacterium-Flexibacter-Cytophaga complex similarly lacked polyamines, all current members of the family Sphingomonadaceae have been reported to possess at least one of these compounds (Table 1 ).
In the neighbour-joining tree of 16S rRNA gene sequences, as in the corresponding maximum-likelihood and maximum-parsimony trees, strain JAMH 0132
T clustered with S. baekryungensis SW-150 T (Fig. 2) . In the pairwise comparisons of 16S rRNA gene sequences, the novel strain appeared most closely related to S. baekryungensis SW-150 T (95.1 % sequence similarity) and showed ,94.8 % sequence similarity to other species in the family Sphingomonadaceae.
Based on the phenotypic, genotypic and phylogenetic evidence, strain JAMH 0132
T represents a novel species in a new genus Table 1 . 
